As one of supersonic mixing techniques, a supersonic mixing technique using a cavity and a porous wall has been proposed. The cavity and the porous wall generate the low speed region in the cavity, which enhances mixing the main flow with the jets. In this study, numerical simulations were conducted to clarify the effects of backward inclined jets on the mixing technique using a porous wall and a cavity. In the numerical simulations, three patterns of jet injections which combined normal jets with backward inclined jets were studied. As a result, the combination of a backward inclined jet and a normal jet generates the suction flow behind the backward inclined jet, which is useful for making the injected jets flow into the cavity. In addition, the introduction of backward inclined jets reduces the total pressure loss. On the other hand, the mass flow rate through the porous holes decreases with increase in the number of the backward inclined jets.
plied not only to scramjet engines but also to chemical oxygen iodine lasers [1] .
Many researchers have investigated supersonic mixing techniques such as techniques using streamwise vortexes, and techniques using cavities. Gerlinger et al. [2] investigated a lobed strut injector to create counter-rotating streamwise vortices. It is revealed that this technique shortens the length to achieve a mixing.
Kubo et al. [3] experimentally studied the effects of some types of hypermixer injectors with an unswept and a swept. As a result, it is found that the swept type injector shows good performance when the streamwise vortices are not generated sufficiently. Das et al. [4] numerically investigated supersonic combustion with a wall mounted cavity. As a result, a trailing edge injection shows good performance. Ukai et al. [5] conducted experimental investigation of a rectangular open cavity with upstream dual injectors. It is found that the distance between the jets affects the flow from the mainstream to the cavity and the long distance between the jets shows good characteristics within the cavity.
In addition to these supersonic mixing techniques, the authors have investigated a technique using a cavity and a porous wall, as shown in Figure 1 . The cavity is attached to the lower wall and a porous wall is located between the main duct and the cavity. Then a jet is injected on the porous wall into the main flow, which generates a bow shock wave. The pressure difference across the bow shock wave generates flows between the main flow and the cavity flow, as shown in Figure 1 . Therefore, the supersonic main flow and the jet flow into the cavity.
The cavity flow is slower than the main flow. Therefore, it can solve the problem of the lack of time for mixing the jet with the main flow. Moreover, the introduction of a porous wall to a cavity is considered to reduce the total pressure loss caused by a cavity.
In the mixing technique using a porous wall and a cavity, the increase in the static pressure due to the bow shock waves generated by jets on the porous wall generates the suction flows and the blowing flows through the porous wall. Therefore, the flow between the main flow and the cavity flow is considered to be affected by the number of jets on the porous wall, jet arrangements, and jet angles. The effects of normal jets on the flow field around a porous cavity have been studied [6] [7] . However, the effects of backward inclined jets on the flow around a porous cavity have been little investigated. Therefore, it is important for the mixing technique to clarify the effects of backward inclined jets on the flow Figure 1 . Proposed mixing enhancement technique [6] [7] . In the present study, numerical simulations were conducted to investigate the effects of backward inclined jets on the flow field around a porous cavity. In the simulations, three jets were aligned on a porous wall in the streamwise direction and each jet adopts an angle of 45 degrees or 90 degrees to the streamwise direction. In this paper, the difference between backward inclined jets and normal jets, and the effect of the combination of a backward inclined jet and a normal jet are presented.
Numerical Procedure
Numerical simulations were conducted to clarify the effects of backward in- is smaller than that of the normal jets. the suction flow behind the jet is not confirmed. In Figure 7 (b), the top and the bottom show the results for Case 1 and Case 3, respectively. For Case 3, the suction flows around the first jet also become weaker than those for Case 1 because the first bow shock wave generated by the backward inclined jet is weak. A suction flow is observed behind the second jet, which is not observed for Case 1.
Results and Discussion
The suction flows behind jets are observed only between the backward inclined jet and the normal jet for Case 2 and Case 3. It is not observed between the normal jets and between the backward inclined jets. It is revealed that the combination of a backward inclined jet and a normal jet has an important role in generating suction flows behind a jet. Suction flows behind jets are very important for our mixing technique to make the jets flow into the cavity. Therefore, the combination of a backward inclined jet and a normal jet is very useful for achieving mixing the jets with the main flow in the cavity.
The colored images of the static pressure in the x-y plane at z/h * = 0 are shown in Figure 8 . For Case 1, the first bow shock wave is the strongest of the three bow shock waves. For Case 2, the second bow shock wave approaches the lower wall, and it becomes stronger than that for Case 1. On the other hand, the first bow shock wave is weaker than that for Case 1. For Case 3, the first and the second backward inclined jets generate weak bow shock waves. The distance between the lower wall and the third bow shock wave is shorter than those for the other cases. Moreover, third bow shock wave is strong. For Case 2 and Case 3, these high pressure regions approaching the lower wall are considered to affect the suction flow regions between a backward inclined jet and a normal jet Therefore, the two cases show the same tendencies around the first jet. The static pressure between the first jet and the second jet for Case 2 becomes larger than that for Case 1. However, the increase in the static pressure is small. The static pressure between the second jet and the third jet for Case 3 is almost same as that for Case 1. Therefore, the effect of the combination of a backward inclined jet and a normal on the static pressure on the lower wall is small. Figure 11 shows that the mass flow rate decreases as the number of backward inclined jets increases, because backward inclined jets weaken the flows through the porous holes as shown in Figure 7 . As mentioned above, the introduction of backward inclined jets realizes desirable suction flow regions. However, it reduces the mass Figure 9 . Static pressure distributions along the centerline on the lower wall. 
Conclusions
The effects of backward inclined jets on the mixing technique using a porous wall and a cavity were numerically studied. Moreover, the difference between backward inclined jets and normal jets, and the effect of the combination of a backward inclined jet and a normal jet were clarified. The backward inclined jets are found to generate the weak bow shock waves compared with the normal jets, which makes the total pressure losses smaller than those of the normal jets.
The combination of a backward inclined jet and a normal jet generates the suction flow behind the backward inclined jet, which is very useful for making injected jets flow into the cavity. This tendency is not confirmed between normal jets, and between backward inclined jets. On the other hand, the mass flow rate through the porous wall decreases as the number of backward inclined jets increases. Therefore, methods to increase the flow through the porous wall are needed for achieving effective mixing.
